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This  paper  provides  an analysis  of  the  appliance  ownership  and use  factors  contributing  to high  electrical
energy  demand  in  UK  homes.  The  data  were  collected  during  a  large-scale,  city-wide  survey,  carried
out in  Leicester,  UK, in 2009–2010.  Annual  electricity  consumption  and  appliance  ownership  and  use
were  established  for 183  dwellings  and  an  odds  ratio  analysis  used  to  identify  the  factors  that  led  to
high  electricity  consumption.  Many  of  the  appliance  ownership  and  use  factors  have not  previously  been
studied  for  the  UK  domestic  sector.  The  results  of  this  study  should  be  of key  interest  to  government  policy
makers  and  energy  supply  companies  interested  in the  underlying  drivers  of the  highly  positively  skewed
distribution  of UK  domestic  electricity  use. The  study  identiﬁes  those  appliances  that  could  be targetedppliance use
omestic buildings
dds ratio
for  technical  improvements  or subjected  to  campaigns  to encourage  more  energy  efﬁcient  use in  order
to  reduce  electricity  consumption  among  high  demand  households.  This  paper  builds  on  earlier  work  by
the current  authors  which  identiﬁed  the  households  (socio-demographic  and dwelling  characteristics)
most  likely  to be  high  electricity  consumers.  The  current  work  provides  the  basis  for advice  and  guidance
to  those  households  that  would  enable  them  to, over  time,  reduce  their  electricity  use.. Introduction
The UK domestic sector has experienced a general year-on-year
ise in electricity use of around 1% since 1970. This expansion has
een attributed to the increased ownership and use of electrical
ppliances [1]. The increase in electricity consumption for appli-
nce use in the UK has been dramatic, increasing 211% from 1970
o 2011; an annual average growth rate of nearly 3% [1]. This has
esulted in appliances’ share of total domestic energy use increasing
rom less than 5% in 1970 to 13.9% in 2011.
This large growth has been attributed to increased ownership
f appliances and increased use of appliances with, in particular,
 greater use of cold appliances to store food [1]. These develop-
ents are the result of wider societal changes, such as, increased
iving standards and life expectancy, lifestyle changes, automation
f jobs previously done by hand and increases in smaller and frag-
ented households [2,3]. The expansion of electricity consumptionor appliances in the home is widely expected to continue [4–6].
To address energy conservation and climate change concerns,
olicymakers are now faced with the challenge of implementing
∗ Corresponding author. Tel.: +44 1752 585198; fax: +44 1752 585155.
E-mail addresses: rory.jones@plymouth.ac.uk (R.V. Jones),
.J.Lomas@lboro.ac.uk (K.J. Lomas).
ttp://dx.doi.org/10.1016/j.enbuild.2016.02.020
378-7788/© 2016 Published by Elsevier B.V.©  2016  Published  by  Elsevier  B.V.
measures to address this continuously evolving and increasingly
energy intensive end-use. Therefore, there is growing interest,
amongst the UK government and energy research community, in
trying to understand the detail of electrical energy demand and in
particular the factors that lead to the highly skewed distribution of
UK domestic electricity use, in which the upper quartile of house-
holds uses almost half (48.5%) of the electricity supplied to the
whole domestic sector [7–13]. High electricity consuming house-
holds also appear to be consuming more electricity over time, but
in addition have the greatest potential for making energy savings
[14,15]. It has been suggested that UK energy policy might focus
on reducing the demand of these high consuming households in
order to meet national energy reduction targets [11–15]. There-
fore, understanding what drives high use in domestic buildings is
important to support decisions about how to reduce electricity use
and CO2 emissions from this group.
This paper investigates the effects of appliance ownership (i.e.
the presence and types of appliances in a home) and use (e.g.,
working hours per day, loads of clothes washing and drying per
week, etc.,) on high electrical energy consumption in UK domestic
buildings.The data were collected during a large-scale, city-wide survey,
undertaken in Leicester, UK, during 2009–2010, as part of the 4M
7 y and 
p
e
o
d
d
h
t
e
t
o
n
1
f
c
a
I
o
t
m
i
a
T
a
h
u
t
e
a
e
t
m
t
s
w
t
a
a
r
2
2
a
h
c
b
w
h
s
a
s
w
t
t
i
h
t
l2 R.V. Jones, K.J. Lomas / Energ
roject [16]. To the authors’ knowledge, it was the ﬁrst city-scale
nergy survey carried out in the UK.
Many previous studies worldwide have investigated the effects
f appliance ownership and use on electricity consumption in
omestic buildings [15,17–38]. A detailed international review and
iscussion of these effects is provided by Jones et al. [39]. In the UK
owever, only a few previous studies have been undertaken and
hese have primarily focused on the effects of ownership of ofﬁce
quipment and infotainment appliances, such as desktop and lap-
op computers, Wi-Fi routers, televisions (TVs) and set-top boxes.
From these UK studies, Baker and Rylatt [25] found that the
wnership of desktop computers, TVs and set-top boxes were sig-
iﬁcant indicators of variations in the electricity consumptions of
48 UK households. Coleman et al. [40], in a study of 14 UK homes,
ound that on average around 23% of the households’ electricity
onsumption was for ofﬁce equipment and infotainment appli-
nces and around 7% could be attributed to standby power modes.
n a study of 72 UK dwellings, Firth et al. [11] identiﬁed four groups
f appliances which were distinguishable by their temporal elec-
ricity use patterns: continuously on; in standby mode; in active use
ode and cold appliances (fridges and freezers). Mansouri et al. [41]
nvestigated the ownership and utilisation levels for some appli-
nces among householders resident in the south-east of England.
erry and Palmer [42] examined how trends in ICT (i.e., desktop
nd laptop computers, monitors, printers and routers) use at home
ave affected household electricity consumption (daily electricity
se, peak demand, base load, weekday vs. weekend use), as well as
he potential for electricity savings from Wi-Fi routers.
This paper adds to the current UK literature and investigates the
ffects of appliance ownership and use of a broader range of appli-
nces, which fell into seven distinct appliance categories: ofﬁce
quipment and infotainment, heating ventilation and air condi-
ioning (HVAC), catering, washing, laundry, building and outdoors
aintenance, and hygiene, beauty and leisure appliances. Many of
he appliance ownership and use factors have not previously been
tudied for UK homes.
The current paper builds on earlier work by the same authors,
hich identiﬁed the socio-demographic and dwelling characteris-
ics of households most likely to be high electricity consumers [7],
nd the current work now provides the basis for advice and guid-
nce to those households that would enable them to, over time,
educe their electricity use.
. Data and methods
.1. Data collection: the 4M datasets
Initially, 1000 households living in the city of Leicester were
pproached to take part in the 4M study. Of these, 575 house-
olds subsequently completed a face-to-face survey which was
onducted on behalf of the 4M team, between March and July 2009,
y the National Centre for Social Research (NatCen). Households
ere selected randomly, after stratifying by percentage of detached
omes and percentage of homes with no dependent children. This
urvey provided data about the ownership and use of major cooking
ppliances (electric oven, hob and range cooker) as well as electric
howers.
During the initial household survey, participants were asked
hether they would also like to take part in follow-up activi-
ies. Two follow-up activities have provided additional data for
his paper. Firstly, regular electricity meter readings were taken
n three phases between March 2009 and July 2010; 409 house-
olds agreed to provide meter readings. The ﬁrst readings were
aken during the NatCen house visit; the second was requested by
etter; and the ﬁnal reading was obtained by another house visitBuildings 117 (2016) 71–82
followed by a letter request, for those houses that could not be
accessed when visited. The meter readings for each household were
then used to obtain an annual electricity consumption ﬁgure for
2009; the method of doing this is described elsewhere in Ref. [7]. In
total, annual electricity consumption values were obtained for 256
households. In addition to the meter readings, 241 households also
signed a mandate which permitted access to their billed electricity
use for 2009. Data was  successfully obtained for 218 households,
although this data was  treated with caution as some meter ‘read-
ings’ were actually just estimates. To verify that the residents were
responsible for the electricity consumption in 2009, a check against
their year of ﬁrst residence was completed using data from the ini-
tial household survey. The data from both the meter readings and
mandates were combined into a single dataset of 315 annual elec-
tricity consumptions. Where both meter reading and mandate data
existed for a dwelling, the meter reading was used in preference.
Secondly, a self-reported, paper-based domestic appliance
ownership and use survey was devised by the 4M team and admin-
istered to 504 households that had agreed to follow-up surveys.
The survey was badged as part of the ‘Living in Leicester’ initiative
to avoid any suggestion that energy demand was being studied.
Households were asked to report the number of appliances they
owned from a pre-deﬁned list of the most common domestic appli-
ances, give the size and type of their main TV, as well as openly
report less common appliances. The survey also asked households
to provide estimates of their use of desktop and laptop computers
and TVs during weekdays and weekend days. They also reported
the weekly number of loads of clothes washed, the temperature
setting used and the weekly number of loads of clothes dried. Like-
wise the weekly dishwashing and temperature was reported. The
survey was  sent out by post in January 2010, followed by a reminder
in February to those that had not yet responded. In total, 183 of the
households returned a completed survey, giving a response rate of
36.3%. The data were manually input by the 4M researchers into an
SPSS database. The appliance survey has provided the data about
the ownership and usage patterns (except major cooking appli-
ances and electric showers) for this paper.
It should be noted that this study is frequently based on self-
reported data. This could lead to inaccuracies in the results obtained
due to the participants’ inability to accurately report data (rec-
ollection bias) and by their intentional incorrect reporting of
information in order to conform to social norms or to please the
researcher (social desirability bias).
The ﬁnal dataset used in this study consisted of: 575 records
for the ownership and use of major cooking appliances and elec-
tric showers; 315 annual electricity consumptions (256 from meter
readings and 59 from mandates); and 183 records of the owner-
ship and use of domestic electrical appliances. Owing to the patchy
responses by households to all three components, the total sam-
ple size in different sections of this paper ﬂuctuates depending on
which data are being analyzed. 183 households produced a com-
plete dataset.
2.2. Stratiﬁcation of households
The 315 homes for which annual electricity consumptions were
available were stratiﬁed into three equally sized groups (thirds).
The 105 lowest consuming households were classiﬁed as the ‘low
electrical demand group’, the middle 105 as the ‘medium electrical
demand group’, and the highest 105 as the ‘high electrical demand
group’. The stratiﬁcation resulted in households with annual elec-
tricity consumptions below 2544 kWh  being classiﬁed in the ‘low
electrical demand group’, those between 2544 kWh  and 4041 kWh
in the ‘medium electrical demand group’ and those greater than
4,041 kWh  in the ‘high electrical demand group’. This method
of stratiﬁcation has previously been used by other researchers
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Table  1
Appliance taxonomy used in the odds ratio analysis.
Appliance taxonomy
Ofﬁce equipment and infotainment appliance category
IT appliances
Computer
Desktop computer
Laptop computer
Imaging
Printer
Scanner
Copier
Facsimile machine
Networking
Wireless router
DSL
Ethernet HUB
Telephony appliances
Telephone
Telephone with answering machine
Mobile phones
Entertainment appliances
Television
CRT television
LCD television
Plasma television
Set top boxes
Digital set top box
Satellite set top box
Cable set top box
Internet set top box
Video and recording
DVD player
VCR player
Blu-ray player
DVD with VCR
Portable DVD player
Audio
Stereo system
Digital radio
Analogue radio
Clock radio
Personal CD player
Turntable
Speakers
MP3 docking station
Home music studio
Home theatre system
Record player
Video console
Video console
HVAC appliance category
Electric blanket
Portable electric heater
Patio heater
Electric towel rail
Hot tub/Spa/Jacuzzi
Desk fan
Cooker hood
Extractor fan
Ceiling fan
Air conditioning
Catering appliance category
Major cooking appliances
Electric oven
Electric hob
Small cooking appliances
Microwave
Grill plate
Deep fryer
Toaster
Sandwich toaster
Slow cooker
Steamer
Kettle
Blender
Table 1 (Continued)
Appliance taxonomy
Food mixer
Juicer
Food processor
Bread maker
Coffee maker
Ice cream maker
Preservation and cooling appliances
Refrigerator
Fridge-freezer
Upright freezer
Chest freezer
Beer and wine cooler
Washing appliance category
Dishwasher
Laundry appliance category
Iron
Washing machine
Washer-dryer
Tumble-dryer
Building and outdoors maintenance appliance category
Vacuum cleaner
Security systems (Alarm)
Power tools
Electric lawn mowers
Garden strimmer
Hedge trimmer
Shredder
Indoor aquarium
Outdoor aquarium
Vivarium
Plant propagator
Dehumidiﬁer
Hygiene, beauty and leisure appliance category
Electric shower
Hair dryer
Hair straighteners
Hot air styler
Hair clippers
Shaver
[7,11–13,31], therefore the current study maintains comparability
with the existing body of literature. Jones and Lomas [7] provide
a detailed analysis of how the stratiﬁcation of the 4M sample into
high, medium and low electrical demand groups compares with the
stratiﬁcation reported by others.
Because the aim of this study is to understand the effects of
appliance ownership and use on the probability of a household
having a high electrical energy demand, the low and medium con-
sumption groups were merged for analysis purposes.
2.3. Odds ratio method
Odds ratio (OR) analyses were used to examine the inﬂuence
of ownership and use on the electrical energy demand of the 4M
households. The odds ratio method has previously been used by
Jones and Lomas [7] in a study of the socio-economic and dwelling
characteristics affecting high electricity demand in UK homes. OR  is
a statistical method that can be used in analyses where the depen-
dent variable is binary (i.e., high electricity consumer or not) and
the independent variables used to explain variations in the depen-
dent variable are categorical (e.g., whether a household owns a CRT,
LCD or Plasma screen TV).
An OR is a measure of the association between an exposure and
an outcome. The OR represents the odds that an outcome will occur
given a particular exposure, compared to the odds of the outcome
occurring in the absence of that exposure [43]. In other words, ORs
are used to compare the relative odds of the occurrence of the out-
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demand is known more precisely and there is high conﬁdence in
the result obtained. A 95% CI that spans the value 1 indicates that
the effect of the factor is less clear and should be treated with more
caution.
1 For example, 50 homes had 0–1 IT appliances (27% of 183), 24 had 2 (13%), 50
had  3 (27%), 28 had 4 (15%), 14 had 5 (8%), and 17 had 6 or more (10%); total 183.4 R.V. Jones, K.J. Lomas / Energ
ome of interest (a household being a high electricity consumer),
iven exposure to a factor of interest (e.g., total number of electrical
ppliances owned, working hours of the main television each day,
emperature of clothes washing, etc.,). The OR can also be used to
ompare the change in probability of a household having high elec-
ricity consumption based on a change in the appliance ownership
r use factor, for example the change in probability if the number
f televisions owned by a household increases from one to two.
For each appliance ownership and use factor, the OR was  cal-
ulated to indicate the probability that a household will be a high
lectrical energy user relative to a reference household in the same
ategory. The reference for each factor was chosen for one of two
easons; either the household did not have the factor (e.g., no desk-
op computer owned, no refrigerator) or, the factor represented the
ajority of the sample.
For a given factor, the OR was the number of households with
igh electricity demand (>4041 kWh  pa) divided by the number
ith low or medium demand (<4042 kWh  pa), divided by the same
atio for the reference group [44]. Eq. (1) below shows an example
f the odds ratio calculation for the ownership of a tumble dryer.
R =
TDH⁄TDLM
NTDH⁄NTDLM
= TDH × NTDLM
NTDH × TDLM
= 31 × 99
19 × 34 =
3069
646
= 4.75(95%CI  = 2.38,9.48) (1)
here OR = Odds ratio; TDH = Number of homes with a tumble dryer
nd high electric demand; TDLM = Number of homes with a tum-
le dryer and low or medium electric demand; NTDH=Number
f homes with no tumble dryer and high electric demand;
TDLM = Number of homes with no tumble dryer and low or
edium electric demand. The numerical values are in Table 2.
An OR value of 1 indicates that households with a given appli-
nce ownership or use are just as likely to be high electrical energy
onsumers as the households in the reference group. An OR greater
han 1 indicates a higher probability that a household would be a
igh user compared to the reference group, whereas a ratio below 1
ndicates that the probability is lower than for the reference group.
n addition, the higher the value of the OR, the more likely it is
hat the households would be high consumers compared to the
eference group.
The 95% conﬁdence interval (CI) associated with each OR
escribes the uncertainty in the estimate [43]. Eq. (2) shows the
ormula for calculating the 95% CI for the ownership of a tumble
ryer. A narrow CI indicates that the effect is known more precisely,
hereas a wider interval indicates that the uncertainty is greater,
ut there may  still be enough precision to draw inferences about the
ffect. A CI spanning the value 1 (e.g., CI = 0.5, 1.5) indicates that the
nﬂuence of the factor on high electricity consumption is unclear,
owever it would be incorrect to interpret a CI spanning the value
 as indicating evidence for no association between the factor and
igh electricity consumption altogether, because the width of the
I is inﬂuenced by sample size and the variability in the data. Large
ample sizes tend to give more precise OR estimates than smaller
nes [44,45]. The CI was taken into consideration when interpreting
he effects.
CI+95% = eInOR+1.96
√
1
TDH
+
1
NTDH
+
1
TDLM
+
1
NTDLM
= eIn4.75+1.96
√
1
31
+
1
19
+
1
34
+
1
99
= 9.48
√
1 1 1 1
(2)CI−95% = eInOR-1.96 TDH
+
NTDH
+
TDLM
+
NTDLM
= eIn4.75-1.96
√
1
31
+
1
19
+
1
34
+
1
99
= 2.38Buildings 117 (2016) 71–82
where CI±95% = Upper and Lower 95% Conﬁdence Interval;
OR = Odds ratio; TDH = Number of homes with a tumble dryer and
high electric demand; TDLM = Number of homes with a tumble dryer
and low or medium electric demand; NTDH = Number of homes
with no tumble dryer and high electric demand; NTDLM = Number
of homes with no tumble dryer and low or medium electric
demand.
2.4. Appliance taxonomy
To structure the OR analyses, the appliance ownership and
use factors were categorised with regard to the appliance type
addressed, using a modiﬁcation of the appliance taxonomy initially
developed by Marjanovic et al. [46]. The hierarchical taxonomy pro-
vided a four tiered structure that subdivided the appliances into a
number of clear and systematically grouped categories (Table 1). At
the highest level the appliances were grouped into seven appliance
categories (ofﬁce equipment and infotainment, HVAC, catering,
washing, laundry, building and outdoors maintenance and hygiene,
beauty and leisure). Appliance categories were further divided into
10 subgroups (e.g., IT, telephony, entertainment appliances, etc.,).
The IT and entertainment appliance subgroups only were further
categorised into appliances with similar functions (e.g., computer,
networking, television, etc.,). At the lowest level of the appliance
taxonomy, the appliances in the homes were classiﬁed into 91 dif-
ferent appliance types.
3. Results and discussion
The results of the OR analysis are presented in Table 2. For
each appliance category, the appliance types covered by the sur-
vey are listed and for many of these an indication of their use
is also provided. The OR analysis was undertaken for 10 sub-
groups of appliance types (IT, telephony, entertainment, HVAC,
small cooking, preservation and cooling, washing, laundry, building
and outdoor maintenance and hygiene, beauty and leisure appli-
ances), 15 individual appliance types and 17 appliance use patterns.
The number of households that owned the stated number of
appliances or used their appliances with the frequency stated is
given. Often, the total for all number of homes across all owner-
ship levels is 183, because all households provided a response to
that part of the appliance survey.1 Of these, a total of 133 were
low-medium electricity consuming households and 50 high con-
sumption households. Sometimes, not all households answered a
question, this was most often the case with frequency of use ques-
tions, and so the total is less than 183; an OR was still undertaken.2
Table 2 then gives the OR result and the 95% CI. Where the prob-
ability of the OR arising by chance is less than 1%, 5% or 10% this is
indicated, with the 1% and 5% probabilities emboldened. The 95% CI
indicates the range of values that the OR could be if a different sam-
ple of households were used in the study. If the 95% CI is narrow, the
effect of the appliance ownership and use factor on high electricity2 For example: 46 households used their main desktop computer on a weekday
for  0–2 h (54% of 84), of which 35 were in the low-medium electricity consumption
group and 11 in the high consumption group; 19 use their main computer for 2–4 h
(23%), 11 low-medium and 8 high; and 19 for more than 4 h (also 23%), 12 low-
medium and 7 high; total 84.
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Table  2
Number of households with the stated ownership and use of appliances and the odds ratio results.
Factors Households
and percentage
Number of homes Odds ratio (95%
CI)
<4041 kWh  per annum
(low-medium group)
>4041 kWh  per annum
(high group)
All appliances
Households owning stated number of appliances
30 or less 108 (59%) 97 (73%) 11 (22%) Reference
31–35 23 (13%) 17 (13%) 6 (12%) 3.11 (1.02, 9.54)*
36–40 23 (13%) 8 (6%) 15 (30%) 16.53 (5.72, 47.76)***
41–45 15 (8%) 6 (5%) 9 (18%) 13.23 (3.96, 44.21)***
46+ 14 (7%) 5 (3%) 9 (18%) 15.87 (4.51, 55.88)***
Ofﬁce equipment and infotainment appliance category
IT appliances
Households owning stated number of IT appliances
0–1 50 (27%) 43 (32%) 7 (14%) Reference
2  24 (13%) 19 (14%) 5 (10%) 1.62 (0.45, 5.75)
3  50 (27%) 38 (29%) 12 (24%) 1.94 (0.69, 5.43)
4  28 (15%) 18 (14%) 10 (20%) 3.41 (1.13, 10.37)**
5 14 (8%) 7 (5%) 7 (14%) 6.14 (1.65, 22.94)***
6+ 17 (10%) 8 (6%) 9 (18%) 6.91 (1.99, 23.95)***
Households owning stated number of desktop computers
0 89 (49%) 68 (51%) 21 (42%) Reference
1  82 (45%) 61 (46%) 21 (42%) 1.11 (0.55, 2.24)
2–3  12 (6%) 4 (3%) 8 (16%) 6.48 (1.77, 23.67)***
Households using the main desktop computer for the stated number of hours on weekdays
0–2  h 46 (54%) 35 (60%) 11 (42%) Reference
2–4  h 19 (23%) 11 (19%) 8 (31%) 2.31 (0.74, 7.20)
4+  h 19 (23%) 12 (21%) 7 (27%) 1.86 (0.59, 5.88)
Households using the main desktop computer for the stated number of hours on weekend days
0–2  h 35 (43%) 27 (49%) 8 (31%) Reference
2–4  h 21 (26%) 15 (27%) 6 (23%) 1.35 (0.39, 4.63)
4+  h 25 (31%) 13 (24%) 12 (46%) 3.12 (1.02, 9.48)***
Households owning stated number of laptop computers
0  88 (48%) 76 (57%) 12 (24%) Reference
1  68 (37%) 46 (35%) 22 (44%) 3.03 (1.37, 6.69)***
2–3 27 (15%) 11 (8%) 16 (32%) 9.21 (3.46, 24.54)***
Households using the main laptop computer for the stated number of hours on weekdays
0–2 h 46 (55%) 33 (66%) 13 (40%) Reference
2–4  h 17 (21%) 7 (14%) 10 (30%) 3.63 (1.14, 11.56)**
4+ h 20 (24%) 10 (20%) 10 (30%) 2.54 (0.86, 7.52)*
Households using the main laptop computer for the stated number of hours on weekend days
0–2  h 38 (45%) 26 (51%) 12 (36%) Reference
2–4  h 21 (25%) 13 (25%) 8 (24%) 1.33 (0.44, 4.07)
4+  h 25 (30%) 12 (24%) 13 (40%) 2.35 (0.83, 6.65)
Telephony appliances
Households owning stated number of telephony appliances
0–1  40 (22%) 35 (26%) 5 (10%) Reference
2  57 (31%) 51 (38%) 6 (12%) 0.82 (0.23, 2.91)
3  47 (26%) 31 (23%) 16 (32%) 3.61 (1.19, 11.01)**
4 23 (13%) 12 (9%) 11 (22%) 6.42 (1.85, 22.26)***
5+ 16 (8%) 4 (4%) 12 (24%) 21.00 (4.83, 91.26)***
Entertainment appliances
Households owning stated number of entertainment appliances
0–5 79 (43%) 66 (50%) 13 (26%) Reference
6–10  89 (49%) 60 (45%) 29 (58%) 2.45 (1.17, 5.15)**
11+ 15 (8%) 7 (5%) 8 (16%) 5.80 (1.79, 18.81)***
Households owning stated number of televisions
1 74 (42%) 63 (49%) 11 (23%) Reference
2  57 (32%) 44 (34%) 13 (28%) 1.69 (0.69, 4.12)
3  33 (19%) 16 (12%) 17 (36%) 6.09 (2.39, 15.52)***
4–5 12 (7%) 6 (5%) 6 (13%) 5.73 (1.56, 21.02)***
Main television type
CRT 73 (42%) 61 (48%) 12 (26%) 0.47 (0.21, 1.05)*
LCD 75 (43%) 53 (42%) 22 (47%) Reference
PLASMA 25 (15%) 12 (10%) 13 (27%) 2.61 (1.03, 6.61)**
Main television size
< 32” 66 (43%) 55 (49%) 11 (26%) REFERENCE
32”–39” 62 (40%) 43 (38%) 19 (44%) 2.21 (0.95, 5.13)*
40”+ 27 (17%) 14 (13%) 13 (30%) 4.64 (1.72, 12.55)***
76 R.V. Jones, K.J. Lomas / Energy and Buildings 117 (2016) 71–82
Table  2 (Continued)
Factors Households
and percentage
Number of homes Odds ratio (95%
CI)
<4041 kWh  per annum
(low-medium group)
>4041 kWh  per annum
(high group)
Households using the main television for the stated number of hours on weekdays
0–2 h 14 (8%) 11 (9%) 3 (6%) 0.58 (0.14, 2.37)
2–4  h 48 (28%) 36 (30%) 12 (26%) 0.71 (0.29, 1.71)
4–6  h 50 (30%) 34 (27%) 16 (34%) Reference
6–8  h 20 (12%) 17 (14%) 3 (6%) 0.38 (0.10, 1.47)
8–10  h 15 (9%) 12 (10%) 3 (6%) 0.53 (0.13, 2.15)
10+  h 22 (13%) 12 (10%) 10 (22%) 1.77 (0.63, 4.95)
Households using the main television for the stated number of hours on weekend days
0–4  h 38 (22%) 30 (25%) 8 (17%) 0.55 (0.20, 1.54)
4–6  h 40 (24%) 27 (22%) 13 (28%) Reference
6–8  h 33 (20%) 23 (19%) 10 (21%) 0.90 (0.33, 2.44)
8–10  h 27 (16%) 20 (16%) 7 (15%) 0.73 (0.25, 2.15)
10+  h 31 (18%) 22 (18%) 9 (19%) 0.75 (0.31, 2.35)
HVAC  appliance category
Households owning stated number of HVAC appliances
0  37 (21%) 32 (24%) 5 (10%) Reference
1  44 (24%) 39 (29%) 5 (10%) 0.82 (0.22, 3.09)
2  41 (22%) 28 (21%) 13 (26%) 2.97 (0.94, 9.38)
3  29 (16%) 18 (14%) 11 (22%) 3.91 (1.17, 13.05)**
4 17 (9%) 10 (8%) 7 (14%) 4.48 (1.16, 17.27)**
5+ 15 (8%) 6 (4%) 9 (18%) 9.60 (2.37, 38.87)***
Catering appliance category
Major cooking appliances
Households owning stated number of major cooking appliances
None 144 (46%) 108 (51%) 36 (34%) Reference
Electric oven and/or electric hob and/or electric range cooker 171 (54%) 102 (49%) 69 (66%) 2.03 (1.25, 3.30)***
Households using the electric oven for the stated number of hours on weekdays
0–0.5 h 40 (26%) 33 (30%) 7 (16%) 0.54 (0.19, 1.52)
0.5–1  h 46 (30%) 33 (30%) 13 (30%) Reference
1–2  h 36 (23%) 23 (21%) 13 (30%) 1.43 (0.56, 3.66)
2–3  h 13 (8%) 10 (9%) 3 (7%) 0.76 (0.18, 3.22)
3+  h 19 (13%) 11 (10%) 8 (17%) 1.85 (0.61, 5.63)
Households using the electric oven for the stated number of hours on weekend days
0–0.5  h 25 (17%) 22 (21%) 3 (7%) 0.30 (0.08, 1.13)*
0.5–1 h 39 (26%) 29 (27%) 10 (22%) 0.75 (0.30, 1.88)
1–2  h 54 (36%) 37 (35%) 17 (38%) Reference
2–3  h 21 (14%) 12 (11%) 9 (20%) 1.63 (0.58, 4.61)
3+  h 12 (7%) 6 (6%) 6 (13%) 2.18 (0.61, 7.74)
Households using the electric hob for the stated number of hours on weekdays
0–0.5 h 38 (26%) 29 (28%) 9 (21%) 0.91 (0.34, 2.41)
0.5–1  h 51 (35%) 38 (37%) 13 (30%) Reference
1–2  h 23 (16%) 10 (9%) 13 (30%) 3.80 (1.35, 10.72)**
2+ h 35 (23%) 27 (26%) 8 (19%) 0.87 (0.31, 2.38)
Households using the electric hob for the stated number of hours on weekend days
0-0.5 h 33 (22%) 25 (24%) 8 (18%) 1.05 (0.37, 2.97)
0.5–1  h 47 (32%) 36 (35%) 11 (25%) REFERENCE
1–2  h 37 (25%) 20 (19%) 17 (39%) 2.78 (1.09, 7.09)**
2+ h 31 (21%) 23 (22%) 8 (18%) 1.14 (0.40, 3.25)
Small  cooking appliances
Households owning stated number of minor cooking appliances
1–3  62 (34%) 51 (38%) 11 (22%) 0.52 (0.24, 1.15)
4–6  96 (52%) 68 (51%) 28 (56%) Reference
7+  25 (14%) 14 (11%) 11 (22%) 1.91 (0.77, 4.71)
Preservation and cooling appliances
Households owning stated number of preservation and cooling appliances
0-1 89 (49%) 75 (56%) 14 (28%) Reference
2  68 (37%) 48 (36%) 20 (40%) 2.23 (1.03, 4.84)**
3+ 26 (14%) 10 (8%) 16 (32%) 8.57 (3.23, 22.72)***
Households owning stated number of refrigerators
0 99 (54%) 77 (58%) 22 (44%) Reference
1+  84 (46%) 56 (42%) 28 (56%) 1.75 (0.91, 3.37)*
Households owning stated number of fridge-freezers
0 65 (36%) 48 (36%) 17 (34%) Reference
1+  118 (64%) 85 (64%) 33 (66%) 1.10 (0.55, 2.17)
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Table  2 (Continued)
Factors Households
and percentage
Number of homes Odds ratio (95%
CI)
<4041 kWh  per annum
(low-medium group)
>4041 kWh  per annum
(high group)
Households owning stated number of upright freezers
0 136 (74%) 108 (81%) 28 (56%) Reference
1+  47 (26%) 25 (19%) 22 (44%) 3.39 (1.67, 6.89)***
Households owning stated number of chest freezers
0  148 (81%) 108 (81%) 40 (80%) Reference
1+  35 (19%) 25 (19%) 10 (20%) 1.08 (0.48, 2.45)
Washing appliance category
Households owning stated number of washing appliances
0 139 (76%) 111 (83%) 28 (56%) Reference
1  44 (24%) 22 (17%) 22 (44%) 3.96 (1.93, 8.16)***
Households owning stated number of dishwashers
0 139 (76%) 111 (83%) 28 (56%) Reference
1  44 (24%) 22 (17%) 22 (44%) 3.96 (1.93, 8.16)***
Households using the dishwasher for the stated number of loads per week
0  7 (16%) 4 (19%) 3 (14%) 0.34 (0.05, 2.13)
1-2  12 (28%) 9 (43%) 3 (14%) 0.15 (0.03, 0.81)**
3-4 8 (19%) 3 (14%) 5 (22%) 0.75 (0.13, 4.49)
5+  16 (37%) 5 (24%) 11 (50%) Reference
Temperature of dishwashing
40 ◦C or less 8 (26%) 4 (31%) 4 (22%) 0.44 (0.07, 2.74)
41–59 ◦C 13 (42%) 4 (31%) 9 (50%) Reference
60 ◦C or more 10 (32%) 5 (38%) 5 (28%) 0.44 (0.08, 2.46)
Laundry  appliance category
Households owning stated number of laundry appliances
1–2 116 (63%) 96 (72%) 20 (40%) Reference
3+  67 (37%) 37 (28%) 30 (60%) 3.89 (1.97, 7.69)***
Households owning stated number of washing machines
0 21 (11%) 16 (12%) 5 (10%) Reference
1  162 (89%) 117 (88%) 45 (90%) 1.23 (0.43, 3.56)
Households owning stated number of washer-dryers
0 165 (90%) 120 (90%) 45 (90%) Reference
1  18 (10%) 13 (10%) 5 (10%) 1.03 (0.35, 3.04)
Households owning stated number of tumble dryers
0  118 (64%) 99 (74%) 19 (38%) Reference
1  65 (36%) 34 (26%) 31 (62%) 4.75 (2.38, 9.48)***
Households undertaking the stated number of loads of clothes washing per week
1–2 76 (42%) 67 (52%) 9 (18%) Reference
3  41 (23%) 27 (21%) 14 (28%) 3.86 (1.49, 9.97)***
4 16 (9%) 12 (9%) 4 (8%) 2.48 (0.66, 9.37)
5+  46 (26%) 23 (18%) 23 (46%) 7.44 (3.01, 18.39)***
Temperature of clothes washing
30 ◦C or less 47 (28%) 36 (29%) 11 (24%) 0.68 (0.31, 1.52)
31–40 ◦C 97 (58%) 67 (55%) 30 (65%) Reference
41 ◦C or more 24 (14%) 19 (16%) 5 (11%) 0.59 (0.20, 1.72)
Households undertaking the stated number of loads of clothes drying per week in Summer
0  40 (59%) 28 (76%) 12 (39%) Reference
1–2  18 (26%) 6 (16%) 12 (39%) 4.67 (1.42, 15.35)**
3+ 10 (15%) 3 (8%) 7 (22%) 5.44 (1.20, 24.70)**
Households undertaking the stated number of loads of clothes drying per week in Winter
0  9 (13%) 6 (16%) 3 (9%) Reference
1–2  25 (36%) 20 (52%) 5 (16%) 0.50 (0.09, 2.73)
3  12 (17%) 6 (16%) 6 (19%) 2.00 (0.33, 11.97)
4+  24 (34%) 6 (16%) 18 (56%) 6.00 (1.13, 31.74)**
Building and outdoors maintenance appliance category
Households owning stated number of building and outdoors maintenance appliances
0–1 54 (30%) 45 (34%) 9 (18%) Reference
2  52 (28%) 44 (33%) 8 (16%) 0.91 (0.32, 2.57)
3  27 (15%) 13 (10%) 14 (28%) 5.38 (1.90, 15.24)***
4 18 (10%) 14 (11%) 4 (8%) 1.43 (0.38, 5.36)
5+  32 (17%) 17 (12%) 15 (30%) 4.41 (1.63, 11.96)***
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Table  2 (Continued)
Factors Households
and percentage
Number of homes Odds ratio (95%
CI)
<4041 kWh  per annum
(low-medium group)
>4041 kWh  per annum
(high group)
Hygiene, beauty and leisure appliance category
Households owning stated number of hygiene, beauty and leisure appliances
0  68 (37%) 54 (41%) 14 (28%) Reference
1  65 (36%) 49 (37%) 16 (32%) 1.26 (0.56, 2.85)
2  33 (18%) 20 (15%) 13 (26%) 2.51 (1.01, 6.25)**
3+ 17 (9%) 10 (7%) 7 (14%) 2.70 (0.87, 8.36)*
Households owning stated number of electric showers
0 154 (49%) 112 (53%) 42 (40%) Reference
1+  161 (51%) 98 (47%) 63 (60%) 1.71 (1.07, 2.76)**
Households using the electric shower for the stated number of showers per week
0  14 (9%) 10 (10%) 4 (6%) Reference
1–10  80 (50%) 57 (58%) 23 (37%) 1.01 (0.29, 3.54)
11–20  47 (29%) 27 (28%) 20 (32%) 1.85 (0.51, 6.77)
21+  20 (12%) 4 (4%) 16 (25%) 10.00 (2.03, 49.30)***
Note: Reference represents the reference category. Odds ratios in bold indicate that the factor increases the likelihood that a household will be a high electricity consumer
(lower bound of CI greater than unity), whereas those in bold italics indicate that a household is less likely to be a high consumer (upper bound of CI less than unity).
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Some salient observations from the OR analysis follow. In par-
icular, to highlight where ownership or use means there is a
igniﬁcantly increased likelihood of a household being a high elec-
ricity consumer; where signiﬁcant means at the 1% or 5% level.
imilarities and differences from the observations of others are
dentiﬁed.
.1. Appliance ownership
A household’s ownership of electrical appliances alone will not
irectly affect electricity consumption, however, the number and
ypes of appliances owned will deﬁne the physical infrastructure
n which electricity consumption can occur. In other words, the
reater number of appliances owned, the more opportunities that
xist for electricity use. This was clear in the OR results, because
n general, as the total number of appliances owned, as well as the
wnership levels of speciﬁc appliances increased so too did the
ikelihood of high electrical energy demand.
The OR analysis indicated that households which owned more
han 30 appliances (the mean number of appliances owned by
espondents to the appliance survey) were signiﬁcantly more likely
o be high electrical energy consumers. Ownership of more than 36
ppliances appears to be a strong inﬂuencing factor, indicated by
he lower bound of the CIs all being well above unity.
In the IT appliances subgroup, the OR results showed that house-
olds owning four or more IT appliances or two or three desktop
omputers were signiﬁcantly more likely to be high electricity con-
umers. For laptop computers, it was observed that as ownership
evels increased, so too did the likelihood of high electrical energy
emand. These ﬁndings are consistent with a number of previous
tudies [15,20,25,29]. This result may  relate to the fact that desktop
omputers have a relatively high annual electricity use (166 kWh)
n an average UK home [10]. In addition, owning a desktop or laptop
omputer almost certainly increases the ownership of other com-
atible IT appliances, such as printers, scanners and routers, all of
hich will further contribute to a higher total household electricity
se.In the telephony appliances subgroup, the OR results indicated
hat households with three or more telephony appliances were sig-
iﬁcantly more likely to be high electrical energy users than those
ith none or one.The OR results for ownership of entertainment appliances
showed that the more entertainment appliances owned, the higher
the probability that a household will have a high electricity
demand. More speciﬁcally, households owning three or more TVs
were signiﬁcantly more likely to be high consumers. Other earlier
studies have also concluded that homes with a TV have signiﬁcantly
higher electricity consumption [15,19,25,28–30,38]. The greater
probability of high electrical energy consumption can probably be
attributed to the simultaneous use of TVs by different occupants.
Also, households with more than two  televisions may  use these for
purposes other than just watching TV, such as a display screen for
a video games console or a desktop computer.
The similar probability of high consumption by households
owning either one or two televisions could indicate that the elec-
tricity consumption for TV use is simply split between the two
devices. In fact, a second TV with lower power consumption than
the main TV could reduce electricity use by transferring some TV
use to the lower power consuming device.
The choice of the main television screen type was also observed
to have a signiﬁcant impact on the likelihood of high consumption.
Households owning a plasma screen were more likely to be high
electricity consumers than those with an LCD screen. No variation
in probability was identiﬁed between households with CRT and
LCD screens. This ﬁnding is perhaps explained by the higher mean
operational power demand of plasma screens (246 W)  compared to
CRT (57 W)  and LCD (97 W)  screens [10]. In addition, the reduced
probability of high consumption among dwellings with a CRT as
opposed to a plasma screen TV could highlight a possible income
effect, as CRT TVs are no longer manufactured; households that own
them are unlikely to have recently replaced their main television.
Also, the ownership of an older style CRT screen may be associated
with older or retired residents. The current authors’ earlier research
found a strong effect of income and age on high electricity use [7].
The size of the main television was also found to have a
signiﬁcant inﬂuence on electrical energy demand. The increased
likelihood of high electricity use among homes with a main tele-
vision 40” or larger is likely to be related to the screens’ high
operational power consumption. Also larger TVs generally have a
higher purchase price, which could indicate that the homes pos-
sessing TVs 40” or larger have a greater wealth, which has been
shown to positively affect electricity consumption [7,18,47].
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In the HVAC appliance category, the ownership of three or more
VAC appliances was found to have a signiﬁcant inﬂuence on the
robability of a household being a high electricity user.
In the major cooking appliances subgroup, the OR results
howed that cooking with electricity, doubled the probability of
eing a high electricity consumer compared to using alternative
uel types. In this case, electric cooking refers to ovens, hobs and
ange cookers. On the contrary, the ownership of small cooking
ppliances had no signiﬁcant effect on high electricity consump-
ion. This may  indicate that the annual electricity use of such
ppliances, kettles, microwaves and toasters, etc., is similar regard-
ess of the overall total electricity consumption of a dwelling.
urthermore, supplementary appliances, like slow cookers, food
rocessors and bread makers may  be used infrequently and there-
ore consume little or no additional electricity.
In the preservation and cooling appliances subgroup, the OR
esults indicated that as the number of preservation and cooling
ppliances increases, so too does the probability of being a high
lectricity consumer. The OR results also showed that upright freez-
rs were the only single preservation and cooling appliance that
igniﬁcantly increases the likelihood of a dwelling having high
lectricity consumption. This result suggests that, with the excep-
ion of upright freezers, multiple ownership of preservation and
ooling appliances is responsible for driving the highest domestic
lectricity consumptions. This is because preservation and cooling
ppliances are widely owned and contribute to a similar baseline
lectricity use.
Households with a dishwasher were almost four times more
ikely to be high electricity consumers. The signiﬁcant posi-
ive relationship between dishwasher ownership and electricity
emand has been consistently found by previous researchers
15,24,28,29–31,34,38]. The increased likelihood relates to the
dditional electricity consumption, around 294 kWh  per year in
he average UK home [10], resulting from automating rather than
anually dishwashing. Also, households that wash dishes by hand,
ith the exception of homes with electric water heating, do not
onsume any electricity for this task as the hot water is probably
rovided by a gas fuelled boiler. Furthermore, as a dishwasher is
 non-essential appliance, dwellings choosing to own  the device
ay  have higher household incomes or have a greater number of
ccupants generating more dirty dishes etc. Both of these socio-
conomic characteristics were previously observed to increase the
ikelihood of high consumption [7].
In the laundry appliance category, the OR results revealed that
omes with three or more laundry appliances were signiﬁcantly
ore likely to be high electricity users. In addition, the ownership of
 tumble dryer increased the probability of high electrical demand.
his can be attributed to the additional electricity use required for
rying clothes, which for the average UK home equates to 394 kWh
er annum [10]. The high impact of tumble dryer ownership on
lectrical energy demand has been the focus of extensive research
15,24,29,30–32,38]. The ownership of a tumble dryer might also
e associated with family size and composition. The number of
ccupants and presence of children and teenagers have previously
een found to have a signiﬁcant impact on high electrical energy
onsumption [7].
Households owning three or ﬁve or more building and outdoors
aintenance appliances were signiﬁcantly more likely to have a
igh electrical energy demand.
In the hygiene, beauty and leisure appliance category, the own-
rship of an electric shower was found to signiﬁcantly increase
he likelihood of high electricity consumption. Despite being used
or only a short time, as electric showers are likely to have the
ighest power consumption of any household electrical end-use
typically 7–11 kW), it is perhaps understandable that dwellings
ith at least one electric shower should have a greater likelihoodBuildings 117 (2016) 71–82 79
of high electrical energy demand, compared to those without any.
Also, households without an electric shower, probably heat the hot
water used for showering with a gas fuelled boiler, thereby further
limiting electricity consumption.
3.2. Appliance use
The number of appliances owned by a household only partially
reﬂects the effects of domestic appliances on household electric-
ity consumption. It is also necessary to consider the duration of
appliance use by the building occupants. Previously, Bedir et al.
[18] found that that the frequency of use of appliances explained
37% of the variance in electricity consumption between domestic
buildings, however, it has been acknowledged by other researchers
[18,22,29,37] that little research has been undertaken to assess the
inﬂuence of appliance use on the total electrical energy demand of
residential buildings.
Only households using their main desktop computer for more
than four hours on a weekend day or main laptop for more than two
hours on a weekday were more likely to be high consumers. The lack
of a more general relationship between the use of the main desk-
top and laptop computer and high electricity consumption may  be
attributed to the variations in power demands of different models
of desktop and laptop computer and the proportion of time in which
the appliances are deﬁned as working but are actually operating in
standby power modes.
The working hours of the main television had no inﬂuence on the
likelihood that a dwelling would have high electricity consumption.
The lack of inﬂuence of the occupants’ use of the main television
is consistent with the earlier ownership results that showed that
only homes with three or more TVs had an increased probability of
high electricity consumption. In addition, the absence of an effect
could relate to variations in the power consumptions of the main
TV, whereby, a lower powered, smaller CRT TV could have a higher
number of working hours, but have less electricity use, than a higher
powered, larger plasma screen TV used for a shorter duration.
The OR results found that, in general, the number of hours an
electric oven is used each day had no effect on the probability of
high electricity use. Similar results were obtained for the effect
of the working hours of the electric hob. This result is perhaps
unexpected as the OR result for electric cooking demonstrated a
signiﬁcant effect on high electrical energy use in residential build-
ings. The current ﬁnding may  be explained by the variable power
demands of different oven and hob types. Also, the current results
do not take into account the speciﬁc cooking practices of the occu-
pants, for example, the working hours do not reﬂect the number of
electric hobs used (normally up to four) or the temperature settings
chosen; these additional factors will have a signiﬁcant effect on the
electricity consumed.
The OR results showed that the likelihood of a household being
a high electricity consumer was  unaffected by the amount of dish-
washing and the temperature settings chosen. Earlier research
however, has shown a signiﬁcant correlation between the duration
of use of the dishwasher and electricity demand [18,29]. The current
conﬂicting results could be attributed to the fact that, frequency of
use, rather than duration of use was requested by the appliance
survey. The frequency of dishwashing loads may not be indicative
of the actual operative hours. Occupants undertaking more loads of
dishwashing on a quick wash setting may  use less electricity than
those using the dishwasher less but on an intensive wash setting.
Furthermore, the number of loads of dishwashing does not stipu-
late the temperature chosen to wash the dishes. Households using
the dishwasher more, but at a cooler washing temperature could
feasibly use less electricity.
Regarding the unclear effect of the choice of dishwasher tem-
perature settings on the probability of high consumption, a possible
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xplanation may  again relate to the lack of information about the
ccupants’ operation of the dishwasher, as the impact of a higher
emperature setting may  be negated by less use. Also, the temper-
ture settings data are probably subject to self-report error, ﬁrstly,
ccupants may  use multiple temperature settings, therefore does
he temperature indicated reﬂect an average or the most recent
emperature used. Secondly, dishwashers can have very diverse
rogramming interfaces, some may  stipulate the temperature in
egrees centigrade, but others numerically on a scale from 1 to 5,
r even descriptively (e.g. hot, cold or economy), the latter classi-
cations will make it difﬁcult for the occupants to report the exact
emperature without referring to the user manual.
In general, the OR results showed that as households do
ore clothes washing, their probability of being a high consumer
ncreases. The temperature selected for clothes washing had no
lear effect, which may  be due to lack of speciﬁcity in the responses
r self-reporting error (see dishwashing above). The same also
pplied to the loads of clothes drying per week in the summer,
ut only households undertaking four or more loads of drying per
eek in the winter were more likely to be high consumers. This
ay  indicate that whilst some winter use of drying appliances is
uite common in UK homes, summer use is much less so; using a
ryer or washer-dryer in the summer, rather than drying laundry
utside, is likely to lead to high electricity consumption.
Households taking more than twenty-one electric showers each
eek were found to have a signiﬁcantly increased probability of
igh electricity use. This result can almost certainly be attributed
o the high power demand of electric showers (typically 7–11 kW).
oreover, the number of showers taken is likely to be correlated
ith the number of occupants residing in a dwelling and whether
he family composition includes children and teenagers; these are
oth factors that have been previously been shown to have a sig-
iﬁcant effect on the likelihood of high electrical energy demand
7].
. Applications for the research
The results of this study should be of key interest to govern-
ent policy makers and energy supply companies interested in the
nderlying drivers of the highly skewed distribution of UK domes-
ic electricity use. The study identiﬁes the appliance ownership and
se factors responsible for driving the highest electricity consump-
ions in UK houses. These appliances or use characteristics could be
argeted to reduce electricity demand amongst the user group.
Two main avenues for demand reduction exist. Firstly, techni-
al improvements can be made to increase the energy efﬁciency
f the appliances responsible for high electrical energy use, by
ecreasing the power required to deliver services or functions. The
ndings of this study support the introduction of minimum energy
erformance standards (MEPS). Although MEPS already exist for
ome appliance types (e.g., refrigerators, washing machines and
elevisions), a number of appliances identiﬁed to be contribut-
ng to high electricity consumption are currently exempt from
his policy. Therefore, the range of appliances for which MEPS are
equired could be extended, in addition to, continuous improve-
ent from appliance manufacturers in line with the development
f new technology. Secondly, motivating more energy efﬁcient
ehaviour amongst the occupants of high demand homes; which
ould include inﬂuencing both peoples’ appliance use (e.g., switch-
ng off standby, reducing duration of operation) as well as their
urchasing behaviours (e.g., buying more energy efﬁcient appli-
nces).
The previous paper by the current authors [7] identiﬁes the
ouseholds most likely to be high electricity consumers (socio-
emographic and dwelling characteristics), this paper providesBuildings 117 (2016) 71–82
the basis for advice and guidance to those households that would
enable them to, over time, reduce their electricity use.
5. Limitations and future research
This study has contributed to an improved understanding of the
appliance ownership and use factors driving high electrical energy
consumption in UK homes. The results were obtained based on a
relatively small sample size (183 dwellings), in a single UK city
and therefore extrapolating the results to the wider population of
UK homes may  not be appropriate. A larger national-scale study of
appliance ownership and use would therefore be a valuable exten-
sion to the current work and could also be used to validate the
ﬁndings of the current study.
The reliability of the self-report data provided by the survey
respondents is an overarching concern for all appliance use surveys.
The accuracy of the data may  be affected by both the respondents’
inability to report their usage reliably but also by intentionally
adjusting their actual usage to appear more energy efﬁcient. For
example, the participants of the survey may  have understated their
actual main television working hours because they did not want to
feel judged or reveal their actual behaviour to the researchers. Also,
given the energy-related nature of the appliance survey, the par-
ticipants could have been aware of the underlying motives of the
researchers and may  have chosen to report more energy efﬁcient
behaviors, such as, washing laundry at a cooler temperature (e.g.,
30 ◦C).
The measurement of appliance usage, rather than adopting
self-reported usage, would remove reporting bias, especially if
ownership was based on an independent in-house survey. Such an
approach is relatively straight forward for a small number of homes
and short monitoring periods, but it can be prohibitively expen-
sive for a large number of homes, with many monitored appliances
and long monitoring periods (for example to record annual energy
usage). Throughout the results and discussion, the current authors
have, where possible, compared the results obtained in this study
with those of others to highlight where consistent results have
been obtained. Where variations from previous studies have been
identiﬁed, possible explanations have been suggested but these
results should be treated with more caution and further research
is required for corroboration.
This paper has investigated two  of the three factors that inﬂu-
ence appliance electricity consumption (appliance ownership and
use). The power demands of the appliances in different power
modes (i.e., active and standby) will also determine the amount
of electricity that is used. It is therefore recommended that further
research might involve an appliance monitoring study to capture
the impact of this additional factor. Such a survey would also
improve our understanding of the temporal nature of appliance
use in high consuming households and the ability for load shift-
ing of this high demand to smooth demand on the supply network.
This information would be of particular interest to energy supply
companies for the future planning of the UK energy supply network
with increased low carbon power generation.
6. Conclusions
This paper provides an analysis of the appliance ownership and
use factors contributing to high electrical energy demand in UK
homes. The data were collected during a large-scale, city-wide,
survey carried out in Leicester, UK, during 2009–2010, as part of
the 4M project. To the authors’ knowledge, it is the ﬁrst city-scale
energy and appliance survey carried out in the UK. An odds ratio
(OR) analysis was  used to investigate the effects of the appliance
ownership and use factors on the electricity consumption of the
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83 UK houses. Many of the appliance ownership and use factors
ave not previously been studied in the UK context.
The results from the study suggest that households owning
ore than thirty appliances have an increased probability of hav-
ng a high electrical energy demand. More speciﬁcally, households
ikely to be high electricity consumers own: four or more items of IT
quipment; more than ﬁve entertainment items; an electric oven,
ob or range; two or more preservation and cooling appliances; or
hree or more laundry appliances.
With respect to the ownership of speciﬁc appliances, house-
olds likely to be high consumers own: two or three desktop
omputers; one or more laptop computers; three or more TVs; a
ain plasma screen TV; a main TV 40′′ or larger; an upright freezer;
 dishwasher; a tumble dryer; or an electric shower.
The OR ﬁndings for appliance use showed that households are
ikely to be high consumers if they use their: main desktop com-
uter for more than four hours each day at the weekend; main
aptop computer for more than two hours each day during week-
ays; electric hob between one and two hours on a weekday and at
he weekend; washing machine for ﬁve or more loads each week;
lothes dryer once or more each week in the summer or four or
ore times each week in the winter; or take more than twenty-one
lectric showers each week.
A previous paper by the current authors identiﬁed the
ouseholds most likely to be high electricity consumers (socio-
emographic and dwelling characteristics), this paper provides the
asis for advice and guidance to those households, by policy mak-
rs and energy companies, that would enable them to, over time,
educe their electricity use.
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